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(57) ABSTRACT

A control device of an engine, the engine including: a piston
contained 1n a cylinder; an intake passage communicated to
a combustion chamber of the cylinder; an exhaust passage
led from the combustion chamber; a fuel injection valve
configured to inject fuel to the combustion chamber or the
intake passage; and an ignition unit provided in the com-
bustion chamber, includes: a low speed pre-ignition predict-
ing umt configured to perform prediction of occurrence of
low speed pre-1gnition, based on operation condition of the
engine; and a lubricating o1l 1njection controlling unit con-
figured to control a lubricating o1l injecting device to 1nject
lubricating o1l to the piston or a member located around the
piston, based on the prediction of the occurrence of the low
speed pre-ignition performed by the low speed pre-1gnition
predicting unit.

9 Claims, 3 Drawing Sheets
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1
CONTROL DEVICE OF ENGINE

CROSS-REFERENCE TO RELATED
APPLICATION(S)

This application 1s based upon and claims the benefit of
priority from prior Japanese patent application No. 2015-
214119, filed on Oct. 30, 2015, the entire contents of which

are incorporated herein by reference.

BACKGROUND

The present mvention relates to a control device of an
engine which 1s provided with an exhaust gas recirculation
device, and more particularly, to the control device of the
engine for preventing occurrence of low speed pre-1gnition
which occurs, while the engine 1s operated at low speed
rotation and a high load.

In many cases, an engine which 1s mounted on a vehicle
or the like 1s provided with an exhaust gas recirculation
device. The exhaust gas recirculation device recirculates a
part ol an exhaust gas which 1s exhausted from a combustion
chamber of the engine to the atmosphere through an exhaust
passage, 1nto an intake passage, thereby to lower combustion
temperature nside the combustion chamber, and to restrain
exhaustion of nitrogen oxide (NOXx) which 1s contained 1n
the exhaust gas.

Moreover, there has been a technique for reducing abnor-
mal combustion inside the combustion chamber of the
engine, using the exhaust gas which 1s recirculated to the
intake passage (hereinafter referred to as “recirculated gas™)
by the exhaust gas recirculation device.

For example, in JP-A-S62-131961, an exhaust port of the
recirculated gas to the intake passage 1s disposed near the
combustion chamber, and a direction of the exhaust port 1s
so set that the recirculated gas which 1s introduced 1nto the
combustion chamber flows along an inner peripheral wall of
a cylinder. The recirculated gas which 1s swirled along the
inner peripheral wall of the cylinder mside the combustion
chamber forms an annular layer of the recirculated gas 1n a
region near the iner peripheral wall. As the results, 1n a
center part of the combustion chamber where an 1gnition
plug 1s disposed, concentration of the exhaust gas 1s rela-
tively lowered thereby to enhance i1gmition performance,
while 1n an outer peripheral part of the combustion chamber,
the concentration of the exhaust gas near the inner peripheral
wall of the cylinder 1s enhanced thereby to restramn a
phenomenon of self ignition of an end gas, that 1s, so-called
knocking.

Moreover, 1n JP-A-2010-84619, there 1s disclosed a tech-
nique for predicting a self 1gnition phenomenon which 1s
called as low speed pre-ignition. A cause for occurrence of
ordinary pre-ignition 1s, for example, a deposit which 1s
accumulated 1nside the combustion chamber. After this
deposit 1s peeled off from a wall face of the cylinder, the
deposit 1s exposed to burning, and red heated, resulting 1n a
source of the self 1gnition. On the other hand, a cause for
occurrence of the low speed pre-ignition besides the above
described deposit 1s considered to be drops of lubricating o1l
which are splashed, for example, from the mnner peripheral
wall of the cylinder. The drops of the lubricating o1l are fired
with a rise of the temperature inside the combustion cham-
ber, and become a fire source for the self 1ignition of a gas
mixture.

As measures for preventing the ordinary pre-ignition,
there 1s a method of delaying an 1gnition time. On the other
hand, as measures for preventing the low speed pre-1gnition,
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there 1s a method of lowering temperature of an intake atir,
and a method of lowering concentration of oxygen 1n the gas
mixture, for example. However, 1n case where the method of
lowering the temperature of the intake air 1s adopted,
remarkable reduction of output power 1s incurred, depending
on condition of operation, in some cases. Moreover, 1n case
where an amount of the recirculated gas which 1s introduced
into the intake air 1s increased for the purpose of lowering
the concentration of oxygen in the gas mixture, for example,
in Patent Document 1, the pre-ignition i1s mduced to the
contrary, in some cases. For this reason, there 1s a limit 1n
increasing the amount of the recirculated gas.

SUMMARY

In view of the above, it 1s an object of the present
invention to more reliably prevent occurrence of low speed
pre-ignition mside a combustion chamber.

In order to solve the above described problem, according
to the invention, there 1s provided a control device of an
engine, the engine including: a piston which 1s contained 1n
a cylinder; an intake passage which 1s communicated to a
combustion chamber of the cylinder; an exhaust passage
which 1s led from the combustion chamber; a fuel injection
valve which 1s configured to inject fuel to the combustion
chamber or the intake passage; and an 1gnition unit which 1s
provided in the combustion chamber, the control device
comprising: a low speed pre-1gnition predicting unit which
1s configured to perform prediction of occurrence of low
speed pre-ignition, based on operation condition of the
engine; and a lubricating o1l 1njection controlling unit which
1s configured to control a lubricating o1l 1mnjecting device to
inject lubricating oil to the piston or a member located
around the piston, based on the prediction of the occurrence
of the low speed pre-ignition performed by the low speed
pre-1gnition predicting unit.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic view of a control device of an engine
in an embodiment according to this mvention.
FIGS. 2A to 2C are graphs which are used in controls

according to this mvention.
FIGS. 3A to 3C are map views which are used 1n the

controls according to this invention.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

An embodiment according to this mnvention will be
described referring to the drawings. FIG. 1 1s a schematic
view showing structure of an engine E and a control device
of the engine E 1n this invention.

The engine E 1n this embodiment 1s a four-cycle gasoline
engine provided with a supercharger, for an automobile. A
piston 2 1s contamned in a cylinder 1 of the engine. A
combustion chamber 3 1s defined by an inner face of the
cylinder 1 and an upper face of the piston 2 and so on.

The engine E 1s provided with an intake passage 4 for
feeding an 1ntake air into the combustion chamber 3 which
contains the piston 2, an exhaust passage 5 which 1s led from
the combustion chamber 3, a fuel injection valve 13 for
injecting fuel ito the combustion chamber 3, and so on.
Moreover, an 1gnition plug as an 1gnition unit 12 1s provided
in a downward direction along an axis of the cylinder from
a cylinder head side.
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In these drawings, those members and means which are
directly related to the invention are mainly shown, and other
members are omitted 1n the drawings. Moreover, although
only one cylinder 1s shown in the drawings, the number of
the cylinders in the engine E 1s not limited.

An 1ntake valve port which 1s an opening between the
intake passage 4 and the combustion chamber 3 1s opened or
closed by an 1ntake valve 6. Moreover, an exhaust valve port
which 1s an opeming between the exhaust passage 5 and the
combustion chamber 3 1s opened or closed by an exhaust
valve 7.

These intake valve 6, exhaust valve 7, 1gnition unit 12,
tuel mjection valve 13, and other equipments which are
required for operating the engine are respectively controlled
by a control unit which 1s provided 1n an electronic control
unit 20, by way of cables.

Moreover, the exhaust passage 3 and the intake passage 4
are communicated to each other by a recirculated gas
passage 11 which forms an exhaust gas recirculation device
10. The exhaust gas recirculation device 10 has a function of
recirculating a part of the exhaust gas which 1s exhausted
from the engine, as the recirculated gas, from the exhaust

passage 3 upstream than a turbine of a turbo charger 16 to
the 1intake passage 4 downstream than a compressor of the
turbo charger 16. It 1s to be noted that the exhaust gas
recirculation device 10 1s not limited to the above described,
but a part of the exhaust gas which 1s exhausted from the
engine may be recirculated as the recirculated gas, from the
exhaust passage 5 downstream than the turbine of the turbo
charger 16 to the intake passage 4 upstrecam than the
compressor of the turbo charger 16.

The recirculated gas passage 11 1s provided with a recir-
culated gas controlling unit 11a capable of adjusting an
amount of the gas which flows by opening or closing the
passage.

According to condition of a pressure inside the intake
passage 4 which 1s controlled by the recirculated gas con-
trolling unit 11a and a throttle valve 8 provided 1n the intake
passage 4, and so on, a part of the exhaust gas which 1s
exhausted from the engine E 1s recirculated to the intake
passage 4 through the recirculated gas passage 11, as the
recirculated gas, only by a required amount. These controls
are also carried out by the electronic control unit 20 accord-
ing to the operation condition.

Inside the cylinder, the fuel mjection valve 13 1s so
arranged that the fuel injected from the fuel imjection valve
13 1s directed to a top face of the piston 2, while the piston
2 contained 1n the combustion chamber 3 1s positioned close
to an upper dead center, and directed to a wall face of the
combustion chamber 3, while the piston 2 1s positioned close
to a lower dead center.

It 1s considered that as one of causes for occurrence of the
pre-ignition, drops of the lubricating oil or so which are
splashed from the cylindrical wall face of the cylinder 1 are
fired with a rise of the temperature inside the combustion
chamber 3, and this becomes a fire source for self 1gnition
of the gas mixture. In view of the above, in the present
invention, 1t 1s intended to predict occurrence of the low
speed pre-ignition according to circumstances inside the
combustion chamber 3, and to carry out controls for avoid-
ing such phenomenon. Further, in this invention, at a time of
predicting occurrence of this low speed pre-ignition, a
manner where the fuel 1s adhered to the wall face of the
combustion chamber 3, ratio of the recirculated gas in the
intake air and so on are taken into consideration, so that
more accurate prediction can be realized.
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The electronic control unit 20 1s provided with a low
speed pre-ignmition predicting unit 23 for predicting occur-
rence of the low speed pre-i1gnition on the basis of runmng
condition of the engine.

Moreover, the engine E 1s provided with a lubricating o1l
injecting device 15 for injecting the lubricating o1l to the
piston 2 or a member located around the piston 2. The
lubricating o1l 1njecting device 15 includes an 1njection
nozzle 15a for the lubricating oil which 1s provided 1n a
crank case below the piston 2 so as to be directed to a lower
face of the piston 2, and a control valve 1556 for opening or
closing a feeding passage of the lubricating oil to the
injection nozzle 15a. The lubricating o1l which 1s injected
from the injection nozzle 15q 1s blown to the lower face of
the piston 2, that 1s, the face of the piston 2 at an opposite
side to the combustion chamber 3, a connecting rod which
1s connected thereto, an mnner wall of the cylinder, and so on.
The 1injection nozzle 13a 1s so constructed that an 1njecting
direction of the lubricating o1l can be changed by an actu-
ating device such as a motor, and an 1njecting angle can be
also increased or decreased. Therefore, 1t 1s possible to
selectively 1nject the lubricating o1l to an outer peripheral

part, a center part or an entire surface of the lower face of
the piston 2.

The electronic control unit 20 1s provided with a lubri-
cating o1l imjection controlling unit 25 which commands the
lubricating o1l 1njecting device 15 to inject the lubricating
o1l, on the basis of the prediction of occurrence of the low
speed pre-ignition which 1s made by the low speed pre-
ignition predicting unit 23. The lubricating o1l 1njection
controlling unit 25 controls opening or closing of the control
valve 15b.

Now, a method of predicting occurrence of the low speed
pre-1gnition and a method of controlling the 1njection of the
lubricating oi1l, in case where the occurrence of the low
speed pre-1gnition 1s predicted will be described.

The electronic control unit 20 1s provided with a self
ignition index calculating umt 21 for calculating a self
ignition 1ndex KO0 which indicates possibility of occurrence
of the self 1gnition of the fuel at a crank angle before an
1gnition time during a compression stroke, on the basis of the
temperature and pressure inside the combustion chamber 3.

The self 1ignmition index calculating unit 21 calculates the
self 1ignition index K0, using a predicting equation based on
Livengood-Wu integral equation,

CA/{
KO:I (—]dr
ic \T

T=AP "exp(B/T)

wherein IC 1s an intake valve closing time, CA 1s a crank
angle before the 1gnition time which 1s set, A, B, n are
parameters concerning the fuel, P 1s pressure at the respec-
tive crank angles, and T 1s temperature at the respective
crank angles. The crank angle CA before the 1gnition time,
which 1s an end time of an integral range 1n the predicting
equation, 1s considered to be set at an end time of the range
in which there 1s possibility of occurrence of the low speed
pre-ignition, that 1s, at the crank angle just before the
1gnition time.

In this case, the self 1gnition index calculating unit 21 may
use other predicting equations in which at least the tempera-
ture and the pressure inside the combustion chamber 3 are
taken as calculating elements.
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The electronic control unit 20 1s provided with a first
correction coethicient calculating unit 22 for calculating a
wall face adhered fuel correction coeflicient C1 for correct-
ing the self 1ignition index, on the basis of an amount of the
tuel which 1s adhered to the wall face inside the combustion
chamber 3 at the crank angle before the 1gnition time during
the compression stroke.

On the basis of a first corrected self 1gnition 1index K1
which 1s calculated by the above described self ignition
index KO0 and the wall face adhered fuel correction coetl-
cient C1, whether or not the low speed pre-ignition occurs
1s predicted. This prediction 1s carried out by the low speed
pre-ignition predicting unit 23.

Specifically, the first corrected self 1gnition index K1 1s as
follows:

CAs 1
Kl:KOxCl:f (—]drx()l
ic W7

In case where the first corrected self 1gnition 1ndex K1 1s
equal to or higher than a predetermined value, it 1s predicted
that the low speed pre-1gnition occurs up to a predetermined
ignition time during the compression stroke (that is, up to the
crank angle CA before the 1gnition time which 1s set by the
predicting equation. Hereinafter, the same 1s applied). In
case where the first corrected self 1ignition index K1 1s lower
than the predetermined value, 1t 1s predicted that the low
speed pre-ignition will not occur before the ignition time
during the compression stroke. It 1s to be noted that the
prediction of the low speed pre-ignition based on the first
corrected sell 1ignition index K1 may be omitted, in case
where occurrence of the low speed pre-1gnition 1s predicted
on the basis of a second corrected self 1gnition index K2,
which will be described below.

Generally, when the amount of the adhered fuel 1s
increased, an occurring rate of the low speed pre-ignition
tends to be enhanced, even in case where occurrence of the
pre-1gnition 1s not predicted at the value of the self 1gnition
index K0. For this reason, concept of the wall face adhered
tuel correction coellicient C1 for correcting the self 1gnition
index KO0 1s adopted in this invention.

Herein, P (the pressure at the respective crank angles) and
T (the temperature at the respective crank angles) can be
calculated by a condition equation, on the basis of the
amount of the intake air into the combustion chamber 3, and
IC (temperature and pressure inside the cylinder at a closing
time of the intake valve), for example.

The amount of the adhered fuel which 1s a base for
calculating the wall face adhered fuel correction coethlicient
C1 can be estimated from a fuel imjection time (indicated by
a crank angle before the upper dead center of the compres-
s10n) on an X-axis, and temperature of a cooling medium of
the engine (temperature of cooling water of the engine) on
a Y-axis, as shown 1n a map view i FIG. 3A. The proper
wall face adhered fuel correction coethcient C1 1s set with
respect to every amount of the adhered fuel a to n which has
been estimated. Although this map view 1 FIG. 3A 1s made
with respect to a specified intake temperature, map views
with respect to other intake temperatures are separately set.
An 1nterval between the mtake temperatures for setting the
map view can be freely selected, for example, at every 1° C.,
at every 5° C., and so on.

Alternatively, 1n case where the amount of the adhered
tuel at the specified crank angle has been already predicted,
as shown 1n a map view 1n FIG. 3B, 1t 1s also possible to set
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6

the wall face adhered fuel correction coeflicient C1 for
correcting the self 1gnition index K0, on the basis of the
amount of the adhered fuel a to k. It 1s to be noted that the
wall face adhered fuel correction coetlicient C1 takes a value
1 in case where there 1s no adhesion of the fuel, and
therefore, takes a value larger than 1 1n case where there 1s
adhesion of the fuel.

In case where 1t 1s desired to perform more accurate
prediction of occurrence of the low speed pre-ignition, an
intake oxygen concentration correction coetlicient C2 1s
adopted.

In case of a control device adopting the intake oxygen
concentration correction coetlicient C2, the electronic con-
trol umt 20 1s provided with a second correction coeflicient
calculating unit 24 for calculating the intake oxygen con-
centration correction coeflicient C2 for correcting the first
corrected self 1ignition 1ndex K1, on the basis of a ratio of the
recirculated gas 1n the intake air into the combustion cham-
ber 3.

The intake oxygen concentration correction coetlicient C2
can be calculated to be a to z, for example, as shown 1n a
map view 1n FIG. 3C, on the basis of ratio of the recirculated
gas 1n the intake air into the combustion chamber 3. It 1s to
be noted that the intake oxygen concentration correction
coetlicient C2 takes a value 1, 1in case where the recirculated
gas 15 not contained in the intake air, and takes a value
smaller than 1 and larger than 0, because the value becomes
smaller as a larger amount of the recirculated gas 1s con-
tained 1n the intake air.

Then, on the basis of a second corrected self 1gnition
index K2 which is calculated by the first corrected self
ignition index K1 and the intake oxygen concentration
correction coeflicient C2, whether or not the low speed
pre-1gnition occurs 1s predicted. This prediction 1s carried
out by the low speed pre-1gnition predicting unit 23 which
1s provided in the electronic control unit 20, in the same
manner. The selif-ignition index described 1n the claims, that
1s, the index which 1s calculated by the self 1gnition index,
the wall face adhered fuel correction coeflicient, and the
intake oxygen concentration correction coeflicient corre-
sponds to this second corrected self 1gnition index K2.

Specifically, the second corrected self 1ignition index K2 1s
as follows:

"y

CAys ]
KQ:leCQ:f (—]derGCQ
ic \7

In case where the second corrected self 1ignition index K2
1s larger than the predetermined value, 1t 1s predicted that the
low speed pre-1gnition will occur, betfore the predetermined
ignition time during the compression stroke. In case where
the second corrected self 1gnition imndex K2 1s smaller than
the predetermined value, 1t 1s predicted that the low speed
pre-1gnition will not occur, before the predetermined 1gni-
tion time during the compression stroke.

Generally, there 1s such a tendency that when ratio of the
recirculated gas increases and the oxygen concentration in
the intake air decreases, the gas mixture 1s not 1gnited, and
occurring rate of the low speed pre-1gnition 1s lowered. This
1s the reason for adopting the concept of the intake oxygen
concentration correction coeflicient C2 which corrects the
first corrected self 1ignition index K1, on the basis of the ratio
of the recirculated gas 1n the intake air introduced into the
combustion chamber 3.
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In this case, the above described predetermined value for
the first corrected self 1gnition index K1 and the predeter-
mined value for the second corrected self 1ignition 1ndex K2
may be the same value. However, these predetermined
values may be different from each other.

Further, on the basis of a third corrected self 1gnition
index K3 which 1s calculated by the self 1gnition index K0
and the intake oxygen concentration correction coeflicient
C2, whether or not the low speed pre-ignition occurs 1is
predicted. This prediction 1s carried out by the low speed
pre-ignition predicting umit 23 which 1s provided in the
electronic control unit 20, 1n the same manner.

The third corrected self 1ignition index K3 1s calculated by

the self 1gnition 1ndex K0 and the intake oxygen concentra-
tion correction coeflicient C2, and shown as follows;

CAs 1
KB:KOXCQ:[ (—]derQ
ic W7

Herein, 1n case where the predetermined value for the first
corrected self 1gnition index K1 and the predetermined value
tor the second corrected self 1ignition index K2 are the same
value, the predetermined value for the third corrected self
ignition mdex K3 may be the same value as those prede-
termined values or may be a different value from them. In
case where those predetermined values are diflerent from
cach other, the third corrected self 1gnition index K3 may be
the same value as either of those predetermined values, or
may be a diflerent value from any of those predetermined
values.

Moreover, 1n this control device of the engine, 1n case
where occurrence of the low speed pre-ignition 1s predicted,
on the basis of estimation by the first corrected self 1gnition
index K1, the second corrected self 1gnition mndex K2, and
the third corrected self 1gnition index K3, a control for
injecting a lubricating o1l to the piston 2 and the member
located around the piston in the cylinder 1s conducted, for
the purpose of avoiding occurrence of the low speed pre-
ignition. The temperature mnside the combustion chamber 3
1s lowered with the injection of the lubricating oil, and
accordingly, occurrence of the low speed pre-ignition 1s
depressed. This control for injecting the lubricating o1l 1s
carried out by the lubricating o1l 1injection controlling unit
25.

For example, FIG. 2A 1s a graph showing the control for
injecting the lubricating o1l for the purpose of restraining
knocking or the ordinary pre-1gnition, based on temperature
of the cooling water of the engine E. When the temperature
of the cooling water becomes higher than a predetermined
temperature, injection of the lubricating o1l for cooling an
inside of the cylinder 1 1s started. FIG. 2B shows that
although the temperature of the cooling water does not reach
the predetermined temperature, the injection of the lubricat-
ing oil 1s started, because occurrence of the low speed
pre-1gnition 1s predicted. Injecting direction of the lubricat-
ing o1l can be optionally selected. However, because it 1s
considered that the knocking or the ordinary pre-ignition 1s
strongly affected by high temperature of an entire inside of
the combustion chamber 3, the lubricating o1l may be mainly
injected from the 1njection nozzle 15a to a center part of the
lower face of the piston 2 or an entirety of the lower face of
the piston 2, 1n case of the injection control of the lubricating,
o1l based on the temperature of the cooling water of the
engine E, as shown in FIG. 2A. Moreover, because 1t 1s
considered that the low speed pre-1gnition 1s caused by firing
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of the lubricating o1l which 1s splashed from the inner
peripheral wall of the combustion chamber 3, the lubricating
01l may be mainly injected from the mjection nozzle 154 to
an outer peripheral part of the lower face of the piston 2. In
this manner, the injecting direction of the lubricating o1l on
the basis of the indexes such as the first corrected self
ignition index K1, the second corrected self 1gnition index
K2, and the third corrected self 1gnition index K3, may be
different from the 1njecting direction of the lubricating o1l on
occasion of mjecting on the basis of other control indexes
such as the temperature of the cooling water. It 1s to be noted
that occurrence of the low speed pre-1gnition can be possibly
predicted in a low rotation high load zone, as shown 1n FIG.
2C. In this low rotation high load zone, even under such
operation condition that the lubricating oil 1s not njected
under the ordinary control, the lubricating o1l 1s 1njected,
because occurrence of the low speed pre-ignition 1s pre-
dicted.

Concerning the above described respective indexes, the
controls for injecting the lubricating o1l will be described by
way ol some examples.

(Example 1 of the Control)

A case where the self 1gnition index KO and the third
corrected self 1gnition index K3 are not larger than the
relevant predetermined values, whereas the first corrected
self 1ignition index K1 and the second corrected self 1ignition
index K2 are larger than the relevant predetermined values
1s presumed. This 1s the case where the respective indexes
become larger than the predetermined values, by taking the
wall face adhered fuel correction coetlicient C1 1nto con-
sideration. Therefore, 1t 1s considered that there 1s less
emergency ol occurrence of the low speed pre-ignition 1n
this case, and so, the imjecting amount of the lubricating o1l
1s set to be relatively smaller, as compared with other cases
of the ijection control.

(Example 2 of the Control)

Then, a case where the third corrected self 1gnition mndex
K3 is larger than the relevant predetermined value 1s pre-
sumed. The wall face adhered fuel correction coeflicient C1
takes a value larger than 1, whereas the intake oxygen
concentration correction coetlicient C2 takes a value smaller
than 1 and larger than 0. Therefore, 1n case where the third
corrected self 1gnition mdex K3 i1s larger than the relevant
predetermined value, 1t 1s considered that estimation by the
first corrected self 1ignmition index K1 and estimation by the
second corrected self 1gnition index K2 are also larger than
the relevant predetermined values, in case where the prede-
termined values for the indexes K1, K2, K3 are set to be the
same value. Alternatively, it 1s considered that even though
the predetermined values are set to be diflerent from each
other, the respective indexes K1, K2 are larger than the
relevant predetermined values, in many cases. For this
reason, it 1s necessary to carry out control for avoiding the
low speed pre-1gnition 1n an early period. Therefore, 1n this
example, the amount of the lubricating o1l 1s set to be
relatively larger than the above described 1njection control in
Example 1.

(Example 3 of the Control)

On the basis of the values of the first corrected self
ignition index K1, the second corrected self 1gnition index
K2, and the third corrected self ignition index K3 as
described above, it 1s possible to carry out the control for
increasing or decreasing the amount of the lubricating o1l
which 1s 1njected by the lubricating o1l mjecting device 15.

For example, the first corrected self ignition index K1 waill
be described, as an example. Estimated values for the first
corrected self 1gnition mndex K1 are determined by a plu-
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rality of steps. These values are named as a first estimated
value t1, a second estimated value t2, and a third estimated
value t3 1n order from the smallest value. In case where the
value of the first corrected self 1gnition index K1 exceeds the
predetermined value which 1s a standard for predicting
occurrence of the low speed pre-1gnition, it 1s so set that the
amount of the lubricating o1l to be 1njected may be different,
depending on whether or not the value of the mndex K1 1s
larger than the predetermined value and smaller than the first
estimated value t1, whether or not the value 1s larger than the
first estimated value t1 and smaller than the second esti-
mated value t2, whether or not the value 1s larger than the
second estimated value 12 and smaller than the third esti-
mated value t3, and whether or not the value 1s larger than
the third estimated value t3. Because there 1s a larger
possibility of occurrence of the low speed pre-ignition, as
the value of the first corrected self 1ignition mndex K1 grows
larger, the amount of the lubricating o1l to be 1njected 1s also
increased.

In this manner, the amount of the lubricating o1l which 1s
injected by the lubricating o1l mjecting device 15 may be
increased stepwise, as the value of the index grows larger, on
the basis of either of the first corrected self 1gnition index
K1, the second corrected self 1ignition index K2, and the third
corrected self 1gnition index K3. Alternatively, 1t may be so
constructed that the value of either of the indexes K1, K2,
K3 and the amount of the lubricating o1l are matched with
cach other 1n ratio of 1 to 1, using the map or the like, and
then, the amount of the lubricating o1l 1s increased, as the
value of the index K1, K2, K3 grows larger.

Although 1n the above described embodiment, a cylinder
inside 1jection valve (a direct injection valve) for directly
injecting the fuel into the combustion chamber 3 1s adopted
as the fuel injection valve 13, it 1s also possible to substitute
this valve with a port 1njection valve for injecting the fuel
into the intake passage 4. Alternatively, the cylinder nside
injection valve and the port injection valve may be com-
bined for use, as the fuel mjection valve 13.

The above described prediction of occurrence of the low
speed pre-1gnition and succeeding controls for injection of
the lubricating o1l for the purpose of avoiding the low speed
pre-1gnition are eilective within a range where the rotation
number of the engine 1s generally less than 3000 rotations.

In this embodiment, the structure of the invention has
been described referring to the four-cycle gasoline engine
for an automobile. However, 1t 1s also possible to apply this
invention to an engine of another type in which there is
possibility of occurrence of the pre-ignition.

According to this invention, the lubricating o1l 1s 1njected
to the piston or the member located around the piston, based
on information concermng prediction ol occurrence of the
low speed pre-ignition. As the results, it 1s possible to more
reliably prevent occurrence of the pre-ignition inside the
combustion chamber.

What 1s claimed 1s:

1. A control device of an engine, the engine including: a
piston which 1s contained in a cylinder; an intake passage
which 1s communicated to a combustion chamber of the
cylinder; an exhaust passage which 1s led from the combus-
tion chamber; a fuel 1njection valve which 1s configured to
inject fuel to the combustion chamber or the intake passage;
and an 1gmition unit which 1s provided in the combustion
chamber, the control device comprising:

a low speed pre-1gnition predicting unit which 1s config-
ured to perform prediction of occurrence of low speed
pre-ignition, based on operation condition of the
engine;
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a lubricating o1l 1njection controlling unit which 1s con-
figured to control a lubricating o1l injecting device to
inject lubricating o1l to the piston or a member located
around the piston, based on the prediction of the
occurrence of the low speed pre-1gnition performed by
the low speed pre-ignition predicting unit;

a self 1gnition index calculating unit which 1s configured
to calculate self 1gnition index which indicates possi-
bility of occurring self ignition of the fuel at a crank
angle before an 1gnition time during a compression
stroke, based on temperature and pressure inside the
combustion chamber; and

a first correction coetlicient calculating unit which 1s
configured to calculate a wall face adhered fuel cor-
rection coellicient for correcting the self 1ignition index,
based on an amount of fuel that 1s adhered to a wall face
inside the combustion chamber at the crank angle,
wherein

the low speed pre-1gnition predicting unit 1s configured to
perform the prediction of the occurrence of the low
speed pre-ignition, based on the self 1gnition idex
calculated by the self 1gnition index calculating unit
and the wall face adhered fuel correction coetlicient.

2. The control device according to claim 1, wherein

the lubricating o1l injection controlling unit 1s configured
to adjust an injecting amount of the lubricating oil,
based on the self 1gnition index.

3. The control device according to claim 1, wherein

an 1njecting direction of the lubricating o1l based on the
self 1gnition 1index 1s different from an 1njecting direc-
tion of lubricating o1l based on other control index.

4. The control device according to claim 1, wherein

the amount of the fuel adhered to the wall face 1is
conjectured from an injecting time of the fuel and
temperature of a cooling medium of the engine or
temperature of an intake arr.

5. The control device according to claim 1, wherein

the lubricating o1l 1njection controlling unit 1s configured
to adjust an injecting amount of the lubricating oil,
based on the index.

6. The control device according to claim 35, wherein

an 1njecting direction of the lubricating o1l based on the
index 1s different from an i1njecting direction of lubri-
cating o1l based on other control index.

7. The control device according to claim 1, wherein

the engine further includes an exhaust gas recirculation
device which 1s configured to introduce a part of
exhaust gas in the exhaust passage into an intake air as
recirculated gas,

the control device 1s further comprises a second correction
coellicient calculating unit which 1s configured to cal-
culate an intake oxygen concentration correction coel-
ficient for correcting the self 1gnition index, based on a
ratio of the recirculated gas in the intake air into the
combustion chamber, and

the low speed pre-i1gnition predicting unit 1s configured to
perform the prediction of the occurrence of the low
speed pre-1gnition, based on an index the 1s calculated
by the self 1gnition 1index, the wall face adhered fuel
correction coeflicient, and the intake oxygen concen-
tration correction coetlicient.

8. The control device according to claim 7, wherein

the lubricating o1l injection controlling unit 1s configured
to adjust an injecting amount of the lubricating oil,
based on the index.
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9. The control device according to claim 7, wherein

an 1njecting direction of the lubricating o1l based on the
index 1s different from an 1njecting direction of lubri-
cating o1l based on other control index.
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